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(57) Abstract 

An improved process for preparing a 
spinel type lithium manganese composite oxide 
represented by the general formula (I): Li, 
Mn^.yj My t B y2 0 4 wherein M represents at 
least one member selected from among Al, Cr, 
Fe, Ni, Co, Ga, and Mg; 0.9 <x<l.l; and y = y, 
+ y 2 , wherein 0.002£y^0.5, 0£y, < 0.5, and 
0.002<y 2 £0. 1 or represented by the general 
formula (la) Li x Mn^ My 0 4 , which is the 
same as the general formula (I) except that y 2 
is 0. In formula (la) M and x are each as 
defined above and 0.002 £y<0.5; and a cathode 
active material for a lithium ion rechargeable 
battery comprising the spinel type lithium 
manganese composite oxide having improved 
charge-discharge characteristics produced by 
the above method. The composite oxide thus 
produced is a novel one improved in cycle 
characteristics, particularly in charge-discharge 
cycle characteristics in a high-temperature (50 
°C or above) environment, and hence is very 
useful from the viewpoint of industry. 
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C©«$©(Mn + A i ){C*TLM?Jt*>'L i /(Mn + A i ) = 0.51(z 
&S©3.0mol/ £ Tkl^h U f-tf A7R^f££$T i£tz&, 

15 (iliffl*£U8lTF-630SI) {CT^MT750°C N lOM^fifc U ^f?L 

^Tfjft^LrffiJSfc^L it.MtMni...iA<i.m 0<-eg£ft£$ft&£ 

20 ^^^|fc(i8.21^>^X h D-AT'*ofco 

Ai/ (Mn + Ai) II^J£0.05£/£3J;9Kl.0mol/£©$&-7> 
/£©7K^^k^ h 0 $ Afc»*pHll.0£ttSJ:9lcHi**iD*m\ 
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7k^MmZi£Z> Z. ifcj: ^ «Mno. 9S oAio. (5 o (OH) ,..u 
(NOa) cose • O.IOHj 07?*$ tlS 1 tod/ I 'J -^i/: 0 C© 

RMttft (Mn + Af) left LTJf^Ji^B/ (Mn+Ai) = 0.02{c 
5 fi^-r-Sl.OmoW - Ha BOa, RO'L i / (Mn + AHB) =0.51 

L ii.onMni,«uA£».io«B«.MoO< tlS^^^r^/Co 
C©»ft>©XlfclHl$rBI*BI 2 {d^to if £ft/iXI&©fcf-* te£TX 
10 £*;1/SL i Mn. 04{C<j§Jl£tt3 fc©T*o/c 0 

n&m 6 

C r/(Mn + C r )flS^FJk0.03ttiS J: -5 Cl-Omol/ J ©ifi»v 
y«S£? o A(m)©i§£7K7§7&£ML/Co J^THWJ 4 ilij^ic^ 
15 IL, i^Mn 0.9 7 0 C ro.on.( OH) NOa) o.o»9 • 0.12H 2 O 

•e^^tlS 1 tad/ £ <DXy <J -£*f/c 0 C ©«B»a©(M n + C r ) 
WLK^Jfc^L i/ (Mn + Cr) = 0.51^^ £:t©3.0mol/ .g ?K 

fcft*yjl/*7;l>5*l**K- McAn«^^{cr^MT750°c N 1015 fyj 
fcf*;l/i!L i Mni04iCfll«$nSt>©T?*o/So 
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F e/(Mn + F e )K?Jt0.03ittS J: o »cl.0mol/ ^ ©ffiKv >/f 

WMn 0.97 0 F eo.o3o(OH)i.oos(NOs)o.oss • O.IOHj OT'^$ 
5 n-5 1 mol/jg ©*■? U -Srfffco (Mn + Fe) JCftL 

Jf^Jt^L i/(Mn + F e ) = 0.51(Cffi^t^a©3.0mol/i yXK'fb'J 

> 7 >5?L§*-£:-a?5£LT*lJ&i$;L i j . o s < M n i . « i o F eo. «»o Oo-e&Stt 

£©t&#©X»lHl8rEI*BI 2 tc^to tt£ftfcX$l©b"-?W;£TX 

fe?-3E8[W:8.23:fr v/* h D-A-e*o/Co 
HWJ8 

15 Ni / (Mn+Ni) JK?-Ji0.03<fcfc * J: 5 {Cl.Omol/ 4 ©ffiK*7 > 

U i^SMno. 971 N i o.os s( O H) 1. 9 7 0 ( N Os ) 0. 022 • O.I2H2OT* 
^£ft£ 1 md/£ 077 U -&»iz 0 :olS$®(Mn + N i ) left 
LH^Jt^Li/ (Mn+Ni) =0.5l{CffiS1"5*©3.0mol/ i TkK 

e*y;u*7;i/5 ^si**- h{cAti < i^^(-T^MT75o o c. iobsrs 

> y ^¥Lf*-e$#LT*lJ&3;L i 1. oi.Mni. 9 0 4 N i 0. 0.. Oo 

C©»#©X*EUffH«rH2 JCTKto # b*l*:X&©t:-*te£T* 
fcT*;H!L i MmO.lc»i$n4t»0fifeofc. 
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mmm 9 

Co/ (Mn + Co) J^?Jfc0.03<hte3«fc?{Cl.0moW©58®^> 

MLs i^Mno..,.C oo. 03 0 ( OH) i. 9 6 7 ( N 00 o.o33 • 0.11 Ha 0 
T-^^tia 1 red./ & ©77 U -%'&tZo :0«0(Mn+Co) (C 
ft LIS? itfrL i / (Mn + Co) = 0.51fc*i^t &a®3.0mol/ £ 7 K 

fcftftyyl/£7;l/ h (CAtlf ^^(LilfflS^ TF-630M) 

i.o2»Mni.9uCoo.o6o 04-eg$ ti&ww&ntzo 

tf*^SL iMni04i:»B$n5feOT*o/: 0 

H»jio 

G a/(Mn+G a )H?Jt0.03<i: ft s i Kl.Omol/ £ ©IHKt 

1U MSMn.ju G ao. osi ( OH ) i. N Oo ) o. 039 • O.IOH2O 
T'^ZtlZ 1 mol/£OXv U -*»fc 0 :®«C(Mn+Ga) fC 
StLH^Jt*<L i /(Mn + G a ) = 0.51{cffi^1-SS©3.0mol/ £ 

tt>j i*7mm*ffiT iKj&zittz&, mm&imZft^tzo mzntz 

ftl&YJViT h (cAtl^^^(wT^^T750°C. 10B#|H 

^ / ^?Li*-e^#LTMiS;L i.. osl Mn M9 «Gao.o t .O ( 
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t'*;USL i Mni04»c^JB$*i5feOT*o/io 

M g/(M n + M g JiS^ Jt0.03t 5 <fc 3 tcl.Omol/ £ ©58$-? y# 

ML, fflJsJtSCMn 0 .9TiMgo.oi.(OH)i..Ti(NOi)o.oi9 • 0.12Hi 0 
T^StlS 1 wd/ £ (0X7 >J -£*§fc 0 C®»H«® (Mn+Mg) 
IcftU^JfctfL i/ (Mn+Mg) =0.51{c^@^t £*©3.0mol/ £ 

10 tltztfc&fJl'ZTJl' i±Mt'- He A ft«$*P KIT *5vT750°C\ 10 

ttM&J&U > y ^?LI$t)i#LtiWSLi 1 ..i.Mn 1 ..uMg..o S! 

tf*;U!EL i Mna 04 \zffim$ftZ> +j©T£> ■? tz 0 
15 &^£ifcte8.23*>;7*X hD-AT&^Co 

HM12 

Ai / (Mn + Ai) JSi^J£0.05£tt£ £?K:2.0mol/£©M-7> 
7§&£ML/c 0 ±ie2»©^«J:4.0mol/£©7K^^+ h 'J ^ A?K^ 

20 m£pH9. o kt£Z&oizmmw<tiQZ'ai>K £&isj£25 o c N ^s^p B i3o 
ii*4»m©2 o^&^-esjsaiegi-r. i^^sans^^ff 

WMno.w. A £o.o.i( OH) CO«) o.o4t • 0.11H»OT*S£ 
tl& 1 mol/£©x5 U -*»fc 8 CCW©(Mn+ A £ ) K*fLT 
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m^&frL i/ (Mn + Af) =0.5l»cffi^1-5*©3.0mol/£7kK^" 
JifcU > 7 •>?L#"TfjS?W s LTffllfiaLii.DiiMni.n4 Alo.n.O.T 

5 ^$ft*i&#£*ffco 

C©|0^©XlllH]iff|g!©X,||Ob o -^^^:TXt o ^^ML iMniO. 

KJiMSft* fe©-e*o/i 0 

Jt«0!l 4 

10 A£/(Mn+Ai) H^FJt0.05 N L i/ (Mn+A^) ITFifcO.51 

fPt^ltMSL ii..o4Mni..oiA£o.i.i 0<-£7K$ft£^ 
L iiMnOs, Mrii Os KJIH'tS k©JWE&3ftfco 
tSM 2 

±E*lfe<W5-12&afJfc«|f(4©#a^»ft«*ffl^TaT©*f%f' 
20 X h (MlfX h) ^to/:o 

KKffl-b;l/*60«C©mfi»tcAft. HlilJ»©ttttTf30»f||]acBLfc^ 
0. 4 nA/crfomSStMJCT^ 3. 5 ~ 4. 5 V (DIBIT! &*WLfe*EEl£Wm. 

^m^ft(mAh/g) N RU^50[Hlg©MS^ (%) ti& 2 IC*** «9 X' 
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1*2 









500 g 


500 @ 








k « § » 












Sill 


ft § $ 


# 




(mAh/ g) 






(s/mi) 

\ O r ill*/ / 






(mAh/ g) 


(%) 


JtW]3 


131.3 


95.6 


27.19 


1.51 


H»J4 


106.5 


100.9 


5.26 


1.39 


// 


5 


103.6 


96.5 


6.85 


1.37 


// 


6 


120.7 


111.7 


7.45 


1.64 


// 


7 


100.9 


75.3 


25.37 


1.41 


// 


8 


103.9 


102.2 


1.64 


1.55 


// 


9 


123.7 


99.2 


19.81 


1.62 


// 


10 


122.2 


104.1 


14,81 


1.49 


// 


11 


117.5 


101.9 


13.28 


1.43 


// 


12 


100.3 


93.2 


7.08 


2.02 


JfcttflU 


98.3 


68.5 


30.32 


1.42 



mm±ommmm 
%w^\z.^, m& (5o°cj£i±) siT-eoMtf-f^^tt^ 
i ) 

L i ,Mn {2.,)M,i B,t0< ( I ) 
(3£(K MteA^ Cr, Fe, N i N Co. Ga&tfMg«fc*)t£5Sf 
^&«tfft5^<iUlJBT?*^ xlifl. 9 1. 1 T£>?K y 

tty = yi + y«T*!5x 0.002^ y £ 0. 5 > 0.002^ y 3 
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&tf±!E-«( I )T*y»a<0T? I a) 
L i X M n ( 2 M,04 (la) 

xtepf2<!:l°lit^ yti0.002gy go. 5 

<KMc£fi&±©»iI (^50°C&±) T©3teifc*#tt#&£$ftfcfe®-r 
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i. 

L i.Mn is -,) M,i B ,t 0* ( I ) 

MttA£, Cr, Fe, NK Co, G a SJ/M g <b 5 -SSI 

5 *K y tty = y i + y sT* *) , 0.002^ y £ 0. 5 N 0£yi<0.5, 0.002 

S y « S 0. 1 ) 

-itta(n) 

Mn u „.„ M p + ,(OH) p. «*-p, .-„o (A n "), • mH. 0 (n ) 
10 (Sl+x M pt teA£ 3 \ Cr 3 \ Fe 3 \ Ni 2 \ Co 2 \ Ga 3+ Rtf 

Mg !t j: t) «5»^e>»«nyiii>« < £ t> 1 ii© pft (p = 2~ 

3 )©&JS#^;i->. A-ttNO.% CT, Br" N C(V% SO, ! \ 
CHs COO'f Oni (n=l~2) ©7— a, zR^mlUtl 
fn> 0 S a SO. 25, 0.03< z < 0. 3 „ 0<m£^t") 

C^**;UJtT**nS, L i/ (Mn + B) ©*Mt = 0.45~0.55 
(at. -fta(I)cma= OCDJi^tcpgS) XtiL i/ (Mn + 

m+b) o ; e;uJt=o.45~o.55i/j:sfGfflJc^jnL, ibnfcx5'j- 

20 illXttWIIEiU 600~900 o CT&J&lT£Cch£&l.£lhS7. f* 
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2. I a) 

L i ,Mn i!-,iM,0< (la) 
(5S4\ M«Ais Cr, Fe, Ni, Co, G a &tfM g <fc <0 K Si* 

5 <9, y&0.002S<y SO. 5*^^) 

-c* * tis * tr* -rt/ia y *■ * a y # >*£iMbi&©«»#*fe k $ ^t> 

-ft^(n a ) 

Mn 2+ ,i-„ M p + ,(OH) P - ,2-p, a -„z)(A n -) t • mHzO (la) 
(s£4u M p + teAi 3 \ Cr 3 \ Fe ! \ Ni ! \ Co'\ Ga S4 &[f 

io m g s+ cfc <o tz&mfrs,mtftitz'j>ti < 1 1, i tic pffi (p = 2~ 

3 A"-{±N0 3 % Cr, Br". COa 2 ". SO. ! \ 

CHi COO'f Oni (n=l~2) ©7 — a, z&tfmti-fctl 
0.001S a SO. 25, 0.03< z < 0. 3 , 0 < m£*-f ) 

15 Li/ (Mn+M) ©*■ ;l/Jt = 0.45~0.55«i: ft S$gffi{c^Jn U 

ft* 1 * S * b s *7H!J 'J •> A v Vt^HbiOSilJSo 

3. -J&5£ (II) Xte (Da) **©it6*tMb^:'#wb£i&*^ - 

20 jJftSS (n) T?a * 0 ©i#&X(i-$:5£ (Ma) ©^#&te, TkJfcttT, M 
/(Mn+M) ^Jta<0.001~0.25<htt£«J:^ {cMn©7K^tt^iMic 

<h T7U^ 'j7k&&£pH & &±KKZ £o tm&f%iiXiKfc£m\ 
n/cS^^M fcttifi. 7K«fe-9 u S^{w<t 9 #$>ftfc *>©-?$> S:K X 
te-J&5£ ( n ) T-a = 0 ©l§£Ji, Mn©*»tt£7k»»£P!8!{U C 
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5 

4. -IftsS (H) Xtt (la) ^®^«7>^>|b^^ - 
AftiS ( II ) Ta * 0 ©J§£Xli-« (la) ©Ji£(i. 7k$ftTs M 1 
/(Mn+M) m^PJt^0.001-0.25i/j: 5 «fc?KMn ©7K&&& iMi: 

J: t)»5>*lA: *>©T?**jK Xte-f&5*, (H) T? a = 0 ©1# 

15 M#& 0 

5. -#5$ (II) Xte (la) ^*©&£7kirtfc^>7y Wb&^©£/j£ 

20 

6. (H) Xtt (la) g*©££7kKftv>#Wt£!Bj©£fi£ 
£j££il7nSiJ©#£T^ #BHfc31l«TT?(T5 d <b^#mi-r^l*3jt© 

isam 3 ^x«m 4 ^!5«£©x »j ^ ^ >m£i£M© 
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7. (II) ~ea*0®m&Xtt (la) ^/T<E>*I£7RI£fl:v># 

5 *-/<-7 P- L/:SMWX7 'J ^-i^g, -><yi7^ 

ntz z t 1 1 6 m*<omm% 3 mm® * t: * u f - $ a •? > 
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